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LIMITATIONS AND RESTRICTIONS 

 
 
This application is illustrative, and has limitations and restrictions due to the level of 
resolution of available information.  The final user should be aware of this, so that he will 
be able to make appropriate and consistent use of the results obtained, taking account of 
the type of analysis made, the type and quality of data used, the level of resolution and 
precision, and the interpretation made.  Therefore, the following should be noted: 
 

- Models used in the analysis contain simplifications and suppositions in order to 
facilitate the calculation which the user of which the user should be aware.  They 
are described in detail in the related technical reports. 

- The analyses have been developed with the best information available, within 
limitations of reliability and currency.  It is possible that better and more complete 
information exists, but that we did not have access to it. 

- The information used and the results of the analysis of hazards, exposure and risk 
are associated with a level of resolution, depending on the unit of analysis used, 
and this is explained in the descriptive document of the example. 

- The use which the final user makes of the information does not in any way involve 
liability on the part of the authors of the study is made, who present this example as 
a something which could be feasible, if reliable information with appropriate 
degrees of precision were made available. 

- It is the user´s responsibility to understand the type of model used and its 
limitations, resolution and the quality of data, limitations and assumptions for 
analysis, and the interpretation made in order to give these results appropriate and 
consistent use. 

- Neither those who developed the software nor those who promoted and financed 
the project, nor the contractors or subcontractors who took part in applications or 
examples of the use of the models, assume any liability for the use which the user 
gives to the results presented here, and therefore they are free of all liability for 
loss, damage, or effects which may be derived from the usual interpretation of 
these demonstrators examples.    
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1 Introduction

In practice, the most effective way of reducing risk to infrastructure is by retrofitting it or to 
recondition its structural and non-structural elements. This process requires quite a high 
level of investment, and the purpose is to reduce the vulnerability of those elements and so 
therefore, the level of risk. The reduction of vulnerability and risk is then reflected in a 
reduced level of expected losses in future events. The reduction corresponds not only to 
direct physical losses, but also to the loss of contents of the components affected, losses due 
to interruption of operation, indirect impact such as the effect on persons (deaths and 
injuries), and in considerations associated with reduction or interruption of functionality; 
and aspects related to indirect social effects, which are in general very difficult to quantify, 
and not often taken into account. 
 
This proposal entails the possibility of making benefit-cost evaluations for different 
alternatives in retro fitment or reconditioning, in order to acquire clear criteria to define the 
optimum option for intervention and to promote and propose priorities among a series of 
alternatives. These alternatives must be technically viable, in the context of limited 
availability of resources.  In this relationship, the benefit corresponds to the savings on 
expected future losses (including direct and indirect losses, interruption of activity of social, 
environmental and functional activities, and in general all losses associated with adverse 
effects of the component), while the cost corresponds to the value of each of the various 
alternatives for intervention. 
 
The evaluation of the expected future losses is based on the occurrence of events with 
different intensities.  Due to the uncertainty associated with in the occurrence of future 
events, it is used a simulation of processes which follows the relations of historical 
recurrence, or to the evaluation of a probabilistic model, also calibrated with a historical in 
occurrence of events. Therefore, for each simulation of events, there are some future 
potential losses, brought to present value for comparison purposes (in the same, present 
time), with the initial investment as a consequence of the intervention proposed. 
 
In the context of a probabilistic assessment, the distribution of probabilities of the cost - 
benefit ratio must be determined.  In this case, the net present value of savings of expected 
future losses is used (considering both the condition of intervention and that of no-
intervention), and this value is then compared to the cost of the same intervention 
(retrofitting of the structure), in current conditions. The method is also applicable to a 
design situation, in which the intention is to evaluate different alternatives at design level. 
 
The objective of the simulation presented below consists of evaluating the potential risk to 
several school buildings in Belize in the face of future hurricane events, expressed in terms 
of an average annual economic loss, in order to conduct a cost-benefit analysis, in which 
the process simulation of expected future losses and their reduction can be observed in the 
light of alternative interventions to improve the performance of buildings.  This analysis is 
made in probabilistic terms, and is seen from the point of view of the recurrence model for 
events, based on past hurricanes. 
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The analyses presented here are an illustration of the methods and capacities of CAPRA 
tools. In general, they are based on information taken from other, similar analyses, 
attempting to adapt information to local conditions. The method proposed must serve as the 
basis for updating, purging and refining information in the model by local working groups, 
with the participation of public servants, who should form research groups with specialists 
in the subject. 
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2 Methodology for analysis

The analysis of risk based on cost-benefit ratios has two great advantages: 
 

- It offers direct information which will enable different alternatives for mitigation 
reduction of risk to be assessed, since in each case there can be an evaluation of 
social socio-economic impact of each alternative. 
 

- It represents technically valid and clear criteria to establish priorities for 
intervention in a number of components, or to define works of intervention to be 
performed, always in terms of maximizing the benefit-cost ratio. This will make it 
possible for programs of investment in mitigation and in the reduction of risk to be 
rationally constructed. 

 
In these types of analysis, the benefits are related to future savings which can be achieved 
in terms of direct losses, loss of contents and indirect expected losses, and a potential 
reduction in direct social effects, and the loss of functionality which may arise, and possible 
future maintenance savings. For this, there must be a relatively reliable estimate of the 
investment required for each of the alternatives of mitigation, including direct costs, 
indirect costs, administration, financial costs and eventual future maintenance costs over 
the period of time selected for the analysis, which is normally of a period of several years.  
A reliable relationship must also be established between possible interventions to be 
performed and the potential reduction in vulnerability or hazard achieved.  The economic 
benefits which would be generated in the future must be brought back to present value, so 
that a suitable economic comparison can be made, applying appropriate discount rate. 
 
Figure 2-1 presents the scheme of a typical benefit-cost analysis, in which, for appropriate 
comparison, future costs and benefits generated by the implementation of structural 
measures must be brought to present value, and compared to the initial investment required. 
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Figure 2-1 Analysis of net present value of costs, benefits and initial investments in 

structural measures for mitigation 

 
The cost-benefit ratio, Q, is defined as the relationship between losses saved due to the 
implementation of structural intervention programs, and the initial cost of the intervention 
projected.  Hence, the benefit-cost ratio can be proposed in the following way: 
 
� =

�����

�
          (Eq. 1) 

 
Where LU is the present value of the future losses in a non-intervened state, and LR is the 
present value of future losses in the intervened state, and these correspond to random 
variables with a known probability distribution, and can therefore be calculated. And R 
corresponds to the cost or value of the investment due to the execution of the intervention 
program. 
 
The  LU and  LR values can be calculated as follows: 
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where ββββi  corresponds to the value of the loss due to an event i in a time t, and γ 

corresponds to the discount rate. According to (Ordaz, 2009), the calculation of the two 
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According to (Ordaz; 2009) net present value of future losses can be represented through a 
Gamma distribution with current parameters given as follows:
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With this, our interest is aroused in an evaluation of the expected value of the cost-benefit 
ratio E(Q), and the probability that this ratio will be positive PrQ>1). 
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Where E(LU) and E(LR) are the expected net present values of future losses for the current 
state, and the intervened state, respectively. 
 
The probability of obtaining a positive cost-benefit ratio can be calculated by the following 
expression: 
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Where Gac(x;r,γ) is the cumulative Gamma function, given by 
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3 Exposed elements

The information on elements exposed to natural events consists of an inventory of buildings 
which may be affected by them. This is expressed in terms of assets and of people.  This is 
an essential component in the evaluation of risk and the degree of certainty of results 
depends on levels of resolution and detail. Where there is no detailed information, as here, 
estimates of the inventory must be made to establish the exposed assets, with broad-brush 
indicators, and expert opinions.  This would be known as a proxy exposure model. 
 
Another objective of the model for exposure with regard to schools, nationwide (proxy), is 
also to create an appropriate distribution for the inventory in terms of national geographical 
units or political divisions.  The basis of information for the estimates of exposure is in 
general taken from economic, human and welfare development indicators and construction 
prices. The proxy exposure model requires the following points to be defined: 

(a) Geographical and political division: the model is presented with a categorization of 
sub-national and municipal units. 

(b) In order to characterize the urban areas, an evaluation is made at the same level, in 
homogeneous zones and in terms of infrastructure characteristics, population 
density, economic activity, and socioeconomic conditions, amongst other matters. 

 
More detailed geographical areas may be used if required for the analysis.  For example, in 
cities, suburbs may be included depending on the information available. 
 
In general, it is important to note that usually, for the representation of exposure, it is not 
possible to obtain information on an element-by-element basis (for example, property-by-
property), since there is no available property record available. In most cases, a proxy is 
developed by using indirect variables, and a series of correlations. 

3.1.1 Estimation of constructed area of educational buildings 

 
The most reliable parameters for this analysis are the official population statistics reported 
for each sub-national political and administrative unit, and the estimated number of pupils 
published by the Ministry of Education. For the calculation of the constructed area of 
schools, we assume an average construction area per student or pupil in the school; and this 
value depends on the level of complexity of each municipality, and whether the school is 
public or private. Table 5-1 shows the urban population range which is used for each level 
of complexity. 
 

[%]][)(
22

PEP
Est

mMEEstCEmAedu ×



×=      (Eq. 11) 

 
                        

Aedu: constructed educational area  
CE: number of students of each administrative area. 
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ME: average constructed area per student index. Depends on the complexity level of 
the administrative level. 
PEP: percentage of students on public institutions for each complexity level (see 
Table 3-1). For private education the PEP value is replaced for (1-PEP). 

 
Table 3-1 Population and percentages of public education by levels of complexity 

Complexity level Population in urban areas Public education (%) 

High = 1 > 100,000 50 

Medium = 2 20,000 a 100,000 80 

Low = 3 < 20,000 100 

 
As a result of a detailed review of the available database for public buildings in Bogota, 
which were classified for the evaluation of vulnerability and mitigation of seismic risk by 
the Bogota Education Secretary (2004), it was found that the constructed area per student in 
most schools contained in the based database is between 0.3 and 2.1 square meters (see 
Figure 3-1).  Furthermore, the manual for the evaluation of socio-economic and 
environmental impact of disasters, according to get ECLAC (2003), suggests different 
values for the construction area per student.  These values are presented in Table 3-2 and 
Table 3-3.  For Belize, for example, the constructed area per student is close to 1.45 square 
meters. 
 
On the other hand, the UNESCO Education Develop Indicator – EDI - (2010) classifies 
countries in the region in terms of achievement of educational targets (see Figure 3-2).  
Therefore, using construction area indicators per student as mentioned above, and the EDI 
classification, it will be possible to estimate this indicator for Belize, on the assumption that 
the greater the EDI, the greater the educational coverage in area.  The results of the ratio 
between EDI and constructed area per student are shown in Table 3-4 and Figure 3-3. 
 

 
Figure 3-1  

Relative frequencies of ranges of constructed area per student (Bogota) 
Source: Bogota Education Secretary 
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Table 3-2  

Constructed area per student in some Latin American countries 
Source, ECLAC 

Classrooms for Basic and Secondary Education. (m2 per pupil) 

Total constructed area 
Argentina Paraguay 

6 1.2 

Classroom area 
Uruguay and Peru Guyana and Haiti 

1.5 0.9 

 
 

Table 3-3  
Constructed area in educational services in some Latin American countries 

Source: ECLAC 

Other educational services(m2 per pupil) 

Admin. buildings 
Argentina Bolivia 

0.85 0.05 

Laboratories 
Ecuador Dominican Rep. 

3.8 1.2 

Technical workshops 
Ecuador Uruguay 

5 1.2 

Art studios 
Paraguay Uruguay and Peru 

6 1.5 

Industrial workshops 
Guyana Guatemala 

9 4.5 

Libraries 
Brazil Bolivia 

4.32 0.15 

Music rooms 
Paraguay Argentina 

2.7 1.2 
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Figure 3-2  

Classification of Latin American countries as a function of educational development 
Source: UNESCO 

 
 

Table 3-4  
Constructed area per student for countries in the region, classified by levels of complexity 

Country EDI 
m2  per pupil 

(estimated) 

Complexity level 

Low Medium High 

NIC 0.794 0.78 0.78 0.93 1.09 

GUA 0.823 0.84 0.84 1.01 1.18 

SLV 0.865 0.91 0.91 1.10 1.28 

HON 0.885 1.05 1.05 1.26 1.48 

ECU 0.906 1.42 1.42 1.70 1.99 

BLZ 0.907 1.45 1.35 1.62 1.88 

BOL 0.911 1.50 1.50 1.79 2.09 

COL 0.92 1.79 1.79 2.15 2.51 

PER 0.942 3.02 2.42 3.02 3.63 

PAN 0.947 3.31 2.65 3.31 3.97 

VEN 0.956 3.77 3.02 3.77 4.53 

CHL 0.966 4.25 3.40 4.25 5.10 

MEX 0.969 4.40 3.52 4.40 5.28 

ARG 0.971 4.52 3.61 4.52 5.42 
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Figure 3-3  

Constructed area per student and by values of EDI 
 

3.1.2 Cost of buildings and exposed values 

 
In order to make an appropriate identification of the cost of buildings, we obtained prices 
per square meter from information available in the statistical office for each country.  Since 
this information was not available in some cases, it was necessary to establish some 
relationship between them. Therefore, the exposed value per student was related to the 
minimum salary, and GDP per capita. Therefore, the square meter costs were adjusted in 
accordance with those parameters, as shown in Figure 3-4 
 

 
Figure 3-4  

Relationship between GDP per capita and exposed value per student 
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The results of the estimate for constructed areas of schools in Belize are shown in  
Figure 3-5 
 

 
 

Figure 3-5 Belize. The geographical distribution of exposed elements 
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4 Vulnerability functions

4.1 Vulnerability for hurricane (wind) 

For this analyisis, the building vulnerability is assigned following the procedure described 
below: 
 

(a) Tipifiy the representative and dominant structural systems within the schools 
portfolio. 

(b) Calculate the vulnerability functios for all characteristical construction classes. For 
this purpose different analytical models have been developed as well as previously 
published vulnerability functions were used according to previous experiences both 
at national and international level. 

(c) Assignation of a characteristical construction class and a vulnerability function to 
each element within the exposed assets inventory. 

 
A summary of the vulnerability functions used for the different exposed elements is shown 
below. Those vulnerability functions are based either on the equivalent behavior of typical 
components obtained from previous analysis or from specific analysis for design and 
construction conditions of the modeled elements. 
 

4.2 Vulnerability functions for hurricane (wind) 

The analysis considers the characteristics of typical structural systems, such as types of roof 
and facade, systems of frames, combined or dual systems, systems with structural walls, or 
prefabricated wood or concrete, etc.  In general, the level of damage in those constructions 
depends on the type and quality of anchoring of roofs or prefabricated roofs and walls, and 
the quantity and size of doors and windows. Vulnerability functions of these kinds of 
buildings are graphically represented as a percentage of damage versus peak wind velocity. 
 
The vulnerability functions are generated by using the ERN-vulnerability system (ERN, 
2009), which forms part of the CAPRA platform for disaster risk analysis. These functions 
are generated in terms of peak wind speed at hurricane force. They are modified by factors 
which take into account particular aspects of the quality of local construction, the quality of 
materials, general conditions of the construction, construction practices and design, and 
specific characteristics of predominant types of structure. For each country, the main 
structural types were selected in accordance with the information available from the 
national census, in relation to construction materials, and characteristics of walls, floors and 
roofs. Furthermore, the information regarding to structural types provided by the World 
Housing Encyclopedia was also taken into account. Figure 4-1 presents the composition of 
constructed area by type of structure for each country. Figure 4-2 presents the functions of 
vulnerability allocated to constructions in this study. 
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Figure 4-1  

Composition of constructed area by types of structure in each country 
 

 

 
Figure 4-2  

Vulnerability curves considered for the current portfolio of schools 
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4.3 Reinforcement costs 

The costs of reinforcement are associated with structural interventions required to achieve a 
level of security defined for the building. This therefore depends on the structural system of 
the building and the current design code (seismic hazard, wind). For this study, the cost of 
reinforcement of schools is assumed as the standard cost for each type in all countries.  
These costs were related to available information on projects for risk reduction, mostly in 
relation to seismic risk, in schools in Latin America. 
 
Two cases are available for this analysis, and they were used as a reference to estimate the 
cost of reinforcement. The first is a program to improve resistance to seismic vulnerability 
in schools in Quito, and the second a similar project for schools in Bogota. According to 
Coca (2006) the total investment in structural reinforcement and the improvement of 
schools in Bogota has been about US$162.7 million. The total area of buildings with 
structural intervention (reinforcement, replacement) was some 680,000 square meters, this 
includes 172 schools with structural reinforcement, 326 schools with non-structural 
improvements, and 54 extensions. Based on the study, the cost of structural intervention is 
the order of the order of US$240 per square meters .Examples of the schools concerned in 
this project are shown in Table 4-1. 
 

Table 4-1  
Examples of the results of seismic risk reduction in Bogota schools 

Source: Bogota Education Office1 
School Results 

Rodrigo Lara Bonilla 
Capacity: 3,22 students; Constructed area 8,425 m

2
 34 classrooms, 4 laboratories, 6 

computer rooms, 1 library and 2 administrative areas. 

Colegio San Carlos 

Sede B 

Capacity: 1,280 students; Constructed area 2,767 m
2
. 32 classrooms, 5 

administrative areas, 4 laboratories, computer rooms, 4 bathrooms, 1 coliseum  

and one cafeteria. 

Colegio Luis López de 

Mesa 

Capacity: 2,000 students; Constructed area: 4,206 m
2
. Retrofitting cost 3,800 

million Colombian pesos (COP). 25 classrooms, 30 bathrooms, 6 administrative 

areas y 2 technology areas. 

Colegio Alfonso López 

Pumarejo-Sede A 

Capacity: 2,352 students, 28 classrooms, 1 technology room, 2 science rooms, 2 

chemistry laboratories, 3 computer rooms and 1 administrative area. 

Colegio distrital 

Marruecos y Molinos 

38 classrooms, 4 laboratories, 4 administrative areas, 1 library and other facilities 

such as a nursery and parking lot. 

Colegio Atanasio 

Girardot 

Capacity: 2,240 students completely reconstructed. 24 classrooms, 3 laboratories, 

computer rooms, 3 administrative areas and many other facilities. 

 
 

                                                 
 
1

 http://www.sedbogota.edu.co//index.php?option=com_content&task=view&id=436 

http://www.sedbogota.edu.co//index.php?option=com_content&task=view&id=417 

http://www.sedbogota.edu.co//index.php?option=com_content&task=view&id=327 

http://www.sedbogota.edu.co//index.php?option=com_content&task=view&id=224 
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Using the information available from experiences mentioned above, the cost of 
reinforcement was assumed for each construction material, as shown in Table 4-2. 
 

Table 4-2  
Cost of reinforcement considered in the analysis 

Materials 
Cost of reinforcement (US$/m2) 

Quake Wind 

Adobe 50 15 

Wood 200 70 

Simple masonry 250 80 

Confined masonry 100 30 

Reinforced masonry 200 70 

Reinforced concrete frames 300 100 

Precast reinforced concrete  300 100 
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5 Analysis results

The results of the analysis are now presented for the evaluation of risk due to hurricane 
winds in Belize schools in their current state and after structural reinforcement. The results 
presented in terms of probable maximum loss, for various return periods, and an average 
annual loss. 

5.1 Actual state 

Table 5-1 
General results (Actual state) 

Results 

Exposed value US$ mill. 105.00

Average annual loss 
US$ mill. 1.83

‰ 17.43‰

PML 

Return period Loss 

years US$ mill. % 

50 13.74 13.09%

100 16.96 16.15%

250 21.40 20.38%

500 23.97 22.82%

1,000 27.82 26.49%

1,500 28.57 27.21%

 
 

   
Figure 5-1 

Analysis results 
(Left: Probable maximum loss curve, Right: Exceedance loss probability for different exposition 

timeframes) 
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5.2 Retrofitted schools 

Table 5-2 
General results (Retrofitted schools)  

Results 

Exposed value US$ mill 105.00

Average annual loss 
US$ mill 1.53

‰ 14.57‰

PML 

Return period Loss 

years US$ mill % 

50 12.80 12.19%

100 16.26 15.49%

250 21.00 20.00%

500 23.29 22.18%

1,000 27.64 26.33%

1,500 28.35 27.00%

 

 
 

Figure 5-2 
Analysis results 

(Left: Probable maximum loss curve, Right: Exceedance loss probability for different exposition 
timeframes) 
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5.3 Benefit-cost ratio 

The figures shown below present rates of exceedance of loss for the current condition of the 
schools and of the schools as reinforced.  Additionally, Table 5-3 presents the results of the 
cost-benefit analysis 
 
 

 
Figure 5-3 

Analysis results 
 (Left: Loss exceedance curve in actual state, Right: Loss exceedance curve in reinforced state) 

 
Table 5-3 

Benefit-cost analysis results 

State E(L) Var(L) 

Actual (US$ mill.) 61.6 296.2 

Retrofitted (US$ mill.) 51.6 243.7 

Benefit-cost ratio 

R 13 

E(Q) 0.78 

Pr(Q>1)  99% 

 
From the analysis made for the portfolio of schools, the values obtained for the expected 
cost-benefit ratio, E(Q) of 0.78, and the probability that the ratio will be higher than 1 is 
100%.  This means that given the costs associated with reconditioning to take schools to an 
improved condition of security and safety, the probability of obtaining a benefit-cost ratio 
regarding to the events is high, simply from the economic point of view. 
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6 Conclusions and recommendations

The benefit-cost analysis requires the definition of a series of complementary elements, 
including the integral analysis of benefits, and the analysis of the ratio between the cost of 
reconditioning and the reduction in vulnerability. 
 
For an integral analysis of the eventual benefits obtained by intervention or reconditioning 
of structure must consider the following expected losses, to include all components 
projected over time: 
 

a) Direct:  
- Structure 
- Finishings 
- Contents 
- Human  

b) Indirect:  
- Loss of income/interruption of operations 
- Maintenance costs 
- In the social costs 
- Environmental effects 
- Opportunity and development costs. 

 
However, it should be noted that not all losses or impacts are to be measured in economic 
terms. For example, the loss of human life or indirect social impact, such as those 
associated with possible interruptions to the education service, are not easily quantifiable in 
these terms, and therefore they are in general not added in with the others, but treated as 
complementary. 
 
Another important consideration for the cost benefit analysis refers to the establishment of 
appropriate functions between the costs of reconditioning and the reduction of vulnerability 
represented by the reduction in terms of expected losses for a given situation.  This ratio is 
usually proposed at the level of a defined state, such as for example, what the cost would be 
of bringing a vulnerable structure to a level of safety compatible with current regulations, 
and thus defining the associated level for the reconditioned unit, and this corresponds to the 
level of safety established by regulations. 
 
In most situations, the ratio between reconditioning and reduction of vulnerability depends 
on each of the buildings to be intervened, and it is therefore not easy to propose generalized 
models for such a relationship. It is recommended in general that specialists should be 
consulted to provide a balanced ratio, i.e. one which would correspond to realities. 
 
Indicative models can be proposed, to allow preliminary analyses to be made, for example 
on the basis of the cost per square meter required to reduce vulnerability in percentage 
terms. 
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Then, depending on this relationship, a number of analyses can be made for different levels 
of security and safety (options in reconditioning), in order to obtain a final relationship 
between the cost of the initial investment and the related cost-benefit ratio. 
 
The evaluation of the distribution of cost-benefit ratios in terms of probability is a good tool 
for decision-making, using the analysis of the net benefits of measures for risk mitigation, 
both in structural reconditioning work, the allocation of priorities for investments in 
reconditioning, decision-making regarding the renewal of assets, and proposals in 
construction and reinforcement codes.  Given the stochastic nature of natural phenomena, 
in this analysis the net present value of losses is a quantity with a high level of uncertainty.  
Therefore, decisions should not be based solely on expected values; and therefore, methods 
must be used to provide a determination of the probability of having a positive cost-benefit 
ratio, and selecting the alternative with the highest probability. 
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